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from Culex quinquefasciatus (= Culex pipiens
fatigans) captured in Thailand in 1958. In 1962
and 1963, members of the Entomology Department
of the US Army-SEATO Medical Research Labora-
tory collected mosquitos from a variety of areas in
Bangkok (5 sites in 1962 and 2 sites in 1963). The
collections included both resting and biting mosqui-
tos, as well as light-trap collections. Living females
were held for 24 hours, identified, and frozen at
-65°C. Pools of approximately 50 A. aegypti and
100 C. quinquefasciatus were ground in a mortar and
suspended in phosphate buffered saline containing
bovine albumin (0.75 %) and antibiotics, 0.04 ml for
each mosquito. The supematant obtained by cen-
trifugation at 10 000 rev/min for 30 minutes was
inoculated intracerebrally and intraperitoneally into
suckling mice. Specimens were routinely blind
passaged. To guard against and to monitor cross-
contamination of viruses, control mice were inocu-
lated with the diluent used for preparing the mosquito
suspensions and were blind passaged along with the
other specimens. The diluent was dispensed in small
bottles and used only once, the pipettes and syringes
were individually wrapped and no prototype viruses
were handled in the isolation laboratory. No dengue
virus was recovered in over 150 control passages, but
chikungunya virus was isolated at the second passage
on two occasions; no virus was recovered, however,
on reisolation of the original specimens.

In 1962, 92 911 mosquitos of 9 species were
processed in mice. In all, 33 agents lethal to mice

were recovered, 28 from 150 pools of 8631 A. aegypti
and 5 from 753 pools of 79 453 C. quinquefasciatus.
Of the former, 20 were dengue viruses, 7 chikungunya
viruses and one was an unidentified virus; of the
latter, one was identified as a chikungunya virus,
3 were similar ether-sensitive, filterable agents that
produced a high-titred cytopathic effect in hamster
kidney cells and death in mice in 2 days, and the
remaining agent was unidentified.

In 1963, 47 139 mosquitos of 5 species were tested;
4 dengue viruses were isolated in BS-C-1 cells or
mice from 3981 A. aegypti, but no arboviruses were
recovered from 42 897 C. quinquefasciatus.

These data suggest that A. aegypti is the important
urban vector in the transmission of chikungunya and
dengue viruses. The low recoveries of chikungunya
virus from C. quinquefasciatus are consistent with the
laboratory studies of Ramachandra Rao 3 and Shah
et al.4 in which virus survival and transmission could
not be demonstrated in this species. The same
authors demonstrated the propagation and trans-
mission of chikungunya virus by A. aegypti. It is
possible that chikungunya virus may survive long
enough in C. quinquefasciatus to be transferred to
humans mechanically. This hypothesis deserves
further inquiry.

' Ramachandra Rao, T. (1964) Indian J. med. Res., 52,
719-726.

' Shah, K. V., Gilotra, S. K., Gibbs, C. J., Jr & Roze-
boom, L. E. (1964) Indian J. med. Res., 52, 703-709.
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Identification of Dengue and Chikungunya Viruses *
SUCHINDA UDOMSAKDI, ANANDA NISALAK & SCOTT B. HALSTEAD

During 1962-63 nearly 200 dengue and 30 chi-
kungunya viruses were recovered from human and
arthropod materials in Thailand by passage in
suckling mice and/or tissue culture. These materials
provide the basis for the reported experience in the
identification of low host-passage arboviruses.

Little difficulty was encountered in identifying
chikungunya strains passaged in suckling mice or
tissue cultures. Provided that 10-3 or greater dilu-
tions were used to prepare low mouse-passage seed
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viruses (to avoid auto-interference effect), high
titred preparations, suitable for use in complement-
fixation (CF) or neutralization tests with known
chikungunya antisera, were regularly obtained.
High-titred virus without auto-interference effect
could also be prepared in primary hamster kidney
or stable grivet monkey kidney (BS-C-1) cell cultures.
Owing to the difficulty of obtaining high-titred

virus seeds and the frequency and magnitude of
antigenic overlap between dengue virus types, the
identification of dengue viruses was a serious prob-
lem. Antigen-antibody reactions giving clear-cut
separations of viruses of low host-passage were
sought. The dengue prototypes used were those
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described by Hammon & Sather.' CF and haem-
agglutination-inhibition (HI) tests were performed
by standard methods (Casals; 2 Clarke & Casals 3),
using micro volumes (Sever 4), and neutralization
tests were performed in BS-C-1 cells, using viral
challenge as indicator (Halstead, Sukhavachana &
Nisalak 5). Antisera to dengue viruses were prepared
in weanling mice by 6-8 intraperitoneal (IP) inocula-
tions (multiple stimuli method) or 2-3 alternating
IP and intracerebral (IC) inoculations (few stimuli
method).

Evaluation of identification techniques

Suckling-mouse isolates:
1. HI test. Haemagglutinins (HA) could be pre-

pared from few dengue viruses at the 5th or lower
mouse passage. Moreover, the HA antigens prepared
frequently reacted with more than one prototype
hyperimmune mouse serum. When the prototype
dengue antigens were tested against immune sera to
dengue isolates (prepared in mice by the few stimuli
method), heterologous reactions were frequent;
however, the HI titres were usually distinctly higher
with dengue 1 virus, thus making a tentative identifi-
cation possible.

2. CF test. Many dengue viruses at the 2nd to
5th mouse passage did not produce satisfactory CF
antigens. It was possible, however, to produce
antisera to most low mouse-passage dengue viruses
with few antigenic stimuli. These sera fixed comple-
ment at low titres (1: 8-1: 64) with only one of
dengue 14 prototype antigens.

3. Virus dilution neutralization test. Low mouse-
passage dengue viruses were readily assayed in
BS-C-1 cells. Monotypic significant log neutraliza-
tion indices (.1.7) were frequently obtained when
prototype dengue 1-4 antisera were tested against
virus isolates. It was often impossible, however, to
obtain significant neutralizing antibody to low
mouse-passage dengue viruses in mice, even when
multiple antigenic stimuli were given.

Tissue-culture isolates. Satisfactory HA or CF
antigens could rarely be prepared even with high-
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titred dengue viruses recovered in BS-C-I cells.
When tissue-culture-adapted dengue viruses were
inoculated into weanling mice, despite repeated
stimuli, multiple routes of inoculation or the use
of incomplete Freund's adjuvant, HI, CF or neutral-
izing antibodies were seldom demonstrable. It was
possible, however, to identify tissue-culture dengue
viruses in BS-C-1 neutralization tests.

Comparison of dengue I with TH-Sman and dengue
2 with TH-36 strains

Many Bangkok dengue strains isolated in 1962-63
were compared with prototype dengue 1 and 2
viruses and with TH-Sman and TH-36, dengue
viruses isolated in Bangkok in 1958.6 Of 13 dengue-
l-TH-Sman group viruses examined, 7 were neu-
tralized significantly with dengue 1 antiserum
alone, 3 with TH-Sman antiserum alone and 3 with
both antisera. Of 50 isolates of the dengue-2-TH-36
group examined, only 4 were neutralized by dengue
2 alone, 13 by TH-36 alone and 33 by dengue 2 and
TH-36. The evaluation of tissue-culture neutraliza-
tion test results was complicated by the fact that
low-titred virus preparations were frequently diffi-
cult to neutralize, that the homologous log neutral-
ization indices of prototype antisera were not equal
and that the test results were not always reproducible.
When antisera prepared to 1962-63 isolates were
tested by the CF test against prototype dengue
antigens, there was a strong positive correlation
in 26 sera between the titres obtained with dengue
1 and TH-Sman antigens and in 44 sera with the
titres obtained with dengue 2 and TH-36 antigens.
None of the antisera reacted with Bangkok proto-
type antigens only.

* *

In summary, it was possible to classify nearly all
mouse-adapted dengue viruses into 4 dengue types
by the CF test, using antisera prepared to each
isolate against prototype dengue antigens. Mouse-
adapted or tissue-culture-adapted dengue strains
could be identified in a virus dilution neutralization
test in BS-C-1 cells, using prototype dengue antisera
against the dengue isolate. The use of the former
technique suggested the antigenic homogeneity of
dengue 1 with TH-Sman and dengue 2 with TH-36,
while the latter technique provided evidence in some
instances of the antigenic heterogeneity of these
strains.

' Hammon, W. M., Rudnick, A. & Sather, G. E. (1960)
Science, 131, 1102-1103.
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